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INTRODUCTION

North Jordan which rnay be takea as extendiag fron the aouttera limite of

the l{adi Uujib and Azrab catchments northwards to the Syriao border' covers

an area of 49 oog knz. Wit6in this area lies A,""-n the capital cicy aad

cor-r,ercial ceatre of the coutrtry and lrbid the focal poiat of agricultural

development in Ehe north.

For nany years now the ever increasiag denands for rater for srmieipal and

iadustrial use have exceeded the Ioca1 resources on rhich Ehe oain to!'ng

once reLied aad it has been necessary to look further afield and dratr from

r""o,rr""" which hitherto have beea coasidered Ehe resetsle of agricult'ure'

The Jordaniao Goverumetrt has recently Put io haad studies to deCermine the

total water resources of the couutl:y (Bef. 1) acd to develoP a Btrategy

shich rould etrsure the best use of the linited water resources for dore'stic

aod iadustrial supplies in North Jordaa while at the see ti-re' eafeguardiag

agricultural developmeat especially ia the Jorda's Valley (B€f ' 2) ' ttis

latter Btudy suggests that available resogrcea ri1l be iqsufficieot fol the

foregeen aeeds for domeetic use, industry aod agriculture rell before the end

of the ceoture and poses the probleB aa to uhich sectors shotlld suffer

restraiote oa their i.rcreasiag consumption and t ' formj that theee lcestrailts

shoul-d take.

I{AIER BAI,A}ICE

Ia order to determine the scope of fhe probleu it is useful to coagider the

rater balance over the whole of North Jordao for tbe trext 25 years aod for

this purpose it is conveaient to divide the area into four districts'ag

shown schenatically in Figure 1 aarely:;

1. Aman Zerqa dietrict.
2. Ttre norther:n district extending fron Irbid i-u the reat to

Azraq in the east and including lladi Dhirleil'

3. Ttre Jordan ValleY.

4. Southern district iacluding all' tor*ns aad villages Bot

iocluded in the foregoiug areaa'

Ref . 1: Agrar and Hydrotechnik GmbE 'rNational tlater lrlaster Plaa
fsr Jordan" L977 -

Ref . 2: lloward ltrryhreys and Sons "Water Use Strategy North
Jordan'f 1978.
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Table Lsu@arises the estiaated populatiou by areas for tbe

1987 and 2OOZ asd the correspoodiog ?mebtic aod iadustrial

projections for Ebe sae yearE ale shoro iu Table 2'

TABLE 1 : PoPulatioa Projectioas

years L977,

deoands

District
Populatioa (1OO0rs)

L977 1987

Amaa Zetqa district
Northera district
Jordaa Ya11eY

Southero diatrict'

1076

463

75

200

L6Z5

573

148

2L3

29A6

786

247

279

ToEaLs 1814

TABIJ 2 - Dmestic aad Industrial Water Dernand Projectioos

Denand GB3/a)

Dietrict
.L977 1987 2&2

Amaa Zerqa district
Northern district
Jordao ValleY

Southera district

57

16

1

6

107

24

4

11

230

40

I
11

Torale 6.ro31a) 80 L46 2Bs



4-

Assuming no limit on available water, igricultural requireoents for the

same periods by the same districts "ro b. sumarised as follows:-

TABLE 3 - AgricuLtural llater Requiremeuts

Water Requirements (!{n3/a)
Dis trict

L977 1987 2002

Aman'Zerqa district
Northern district
Jordan Va1ley

Southern district

Looking uoll at the water available
resources which couLd be exploited

fot lows: -

49

80

407

96

meet these requirements the total
groundwater are estimated to be as

49

89

L94

47

49

80

4LL

96

Totals (lln3/a) 379

total estimated requirements for domestic use, industry and agriculture

therefore:-

L977 z 459 ta3 / a

1987: tSzbi3la
2oo2z glt t*g3 / a

63
v\

The

are

to

AS
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TABLE 4 - Sr:mary of Estimated Exploitable Grouud I{ater Resources

area Resources (ltn3/a)

Sama Sdoud 5

A,zrag LO

N.E. desert 5

Dhuleil 20

Anrnan-Zerqa 2A

Baqa.ta 2

' Qastal 5

Qatrana 1

Siwaqa 2

Sultani 4

Total 74 'ryc.3la

These cover only replenishable resources and so exclude mining Potential'

The toCal surface lrater resourees for the priacipaL eatchoents are estiuated

to have mean annuaL values as indicated ia Table 5'

TABLE 5 - Sumary of Esfimated Surface Water Resources

Resources (ltr3/")

,L-
.\ '

Yarmouk (at Adasiya) 390 )'4o ,"P

Aj lun
Sal t-Madaba

Muj ib

Total

Area

Azraq 10

Zerqa (at Deir A1la) 67

72

68

76

aO" ,r*3 r-
vvJ rs ,e
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Ihese resources are sulmarised graPhically ia Figure 2'

Ttre groundwater and surface rrater resources are Bot independeut and ground

water abstractions in the Am.aa Zetqa aquifers have their effeets on the

base flon compoEent of the surface discharge in that catchment' Sin'ilarly

an abstraction of more thaa 1O 1fu3 la from the A'lraq aquifers sould reduce

the anount which couLd safely be Eaken from the pools. ALlowaace has been

made for these interrelatiouships ia compiling the above tables and the

totals give.a reasonable estimate of the total resources available froo

both. If adequate surface storage lrere Provided it would be possible to

utilise about 55o 1fu3/a of the surface resources, the balaoce beiug wasted

as flood flows so that the total natural replenishable resources rhich could
a

be exploited in North Jordan is about(624 ta'la'
\ \\--

whea lhese are conpared with the projected denauds it is i"'mediately apparent

that the latter will exceed the available supplies by the nid 198o's'

Indeed the planned agricultural requirements aloae rrill soon exeeed the

resources.

RE-USE OF WATER

In cousidering the balance beEseen deuand and available resources hosever

the re-use of water ltrust also be takeo into account. Re-use of water,

intentional or oEhervise has now beea comon Practice for ItraIIy years and

it is becoming increasingly rare in heavily populated ar'eas of the sorld

for corrr-unities to draw.oo a lJater resource which has not been. polluted to

sooe extent bY uPstream users.

Hosever, only receutly as the ever increasing demand ouEstrips the fixed

resources available, has there been a deliberate policy of re-use and a

growing appreciation of the need for much greater control over pollution'

particularly industrial .

Re-use can take the form of direct relycling of waste !'ater after some

forn of treaEment and its use has been common particularly in agriculture

where quality considerations are less rigorous. Only in the past few years

has the need arisen in some Parts of the world for the direct re-use of
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yaste yater for driahi-ng supplies and receot YorL has 8hoYtr thaE it i6

possible, folloving a rigorous chenica1 .aad phyaical procesaiog' to produce

a sater to the exaeting staDdards BecessarJr for driakiag. lfuch horever hag

Eo be learnt about the dangers of such a practice, techoiques of both

rrearmeat aod gualigy co,rtr,l are.'tiJ"I being developed aod there can be

no rooE for error. In Jordan the aeed bas not yet ariaeu for such reaEures'

Iadirect re-use occurs nben yasEe rater is returned Eo a sater course where

the effects of sunlight, dilution aad natural grrificatior irrprove the

quality of the uater Eo :n acceptable staadard . AlEeraatively rasBe rater

from septic tanks or surplus uaEer from irri8ati.oa fiads its ray tll6iuaLely

into rhe'ground sater supplies rhere natural filtratioa cao produce a

potable sater. In North Jordau the priocipal reCurn Eo Ehe cycle si1l be

in the Aman Zerqa area and ar appreeiatiorr of the faetors involved is

iryortaot ia trying Eo assesa the pussitle beoefits Eo be obtaioed'

RECTCLTNG rt{.138 AI+{A}I ZESQA BASrN

Of the sater used for doregtic or isdustrial purposes in AIEtatr' a proportioo

is lost by evapora.ioo or Eraospiratiou aad the re,aioder is discharged as

yaste into serrers or septic tanks. fte sesered areas drai'o to the treatment

vorks nhere the effluent is discbarged iaEo tbe lladi Seil fiaally entering

the neuly conatr.cted Kiag Ta1al regervoir as surface flos' Discharge into

septic tanks soaks aray into the gfouad; a proportioa Day er€rge as spriogs

aloog the sadis ia the city, particularly duriog set coaditions' but oost

of it returos to ground, mixing riih nanrral recharge in tte Aman area

and travelling nith the general grounduaEer moveoeot aloog the Zerqa Valley'

It iE likely thst a large proPortion of this return to ggouaclrater is

abstracted by the maoy borehole puups along the nadi bed aad that the flotr

past the pumps rill eveoEually enter Ehe Kiug Talal reservoir shere' excePt

for a proportioa lost by deep seepage' it ri1l be iupounded'

Ttre proportion recovered to the cycle as effluesE from the sorks is easy to

a8sess but is uot significant at present as ooly a snallaPart of the tonn

ie seuered. Current constrmption ia A@an is about L7 hJla of rhich only

a
about 4 l'u'la passes tbrough the sorts' It is horrever very difficult to

mrlrg sn estimace of the amouRt returned to groundvater and of the cime

required for these reEurns Eo enter tli. gro.rodrrater sysEeo' although the

response of the springs to rain sugges.s that this tine is not unduly long'
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ru considering the rater balance then, we are conceroed not so mrch with
Ehe actual usage of rater, part of ,rri"t is returned to the cycle, but
rather rith the Eater that is lost altogether. Ttrere are oo quantitative
measurenents of these losses but if it is taken as 5oZ the infereace is
that all water from whatever source imporred into Aman can be used twice -
or alternatively that the net resource required to meet the demand is only
half of the demand.

Returns to groundwater frou irrigaEion are
wirhin the context of this diseussion have

WATER BAIA}ICE REVIEIIED

likely to be very uuch less and

been negl.ected.

Returning nol, to the water balance, it rrill be recalled that the total lrater
require-ents for the years 1987 and 2oo2 are estiuated atTgz and 92r h3/,
respectively which coEpares with the total natural replenishable resource
of 624 h3/". rf the recovery of waste fron Anman is assumed to be 5oZ of.
the usage then the net requirements to be satisfied can be assessed thus:-

TABLE 6 - Net l.Iater Requirements for Aoman-Zerqa

Requireuents (Um3/a)

1987 zoo2

5OZ of. demand frorn Arrman-Zerga

0ther dornestic and industrial demands

?otal municipal demand

Agricultural requirements

?otal net requirements

54

38

r15

59

94

636

175

632

728 805



-10-

It will be seen that even by 1987 the net requirements ri1l. have exceeded

the exploitable repleaishable resource and that by 2OO2 the net deficit rlill

have risen Eo over 18o lfuJ/a. It is clear that urgent policy decisions

are needed in order to determine those areas in which growth or consumption

can or should be linited.

LIMITATIONS OT GROW1U

Linitations to growth in the eonsunption of ltater may be possible in a

auober of ways. Of the total quantity used for domestic PurPoses as mrch

as 5OZ is used for waEer borne sanitation and some saving in this field is

possible. llowever, in A'*au, where domestic consumption is greatest some

of this is already recovered and once Ehe city is sewered a large Percentage

of this rraste will in any case be returned after treatment, to the cycle.

In uost distribution systeos, considerable losses, anounting to 252 arrd

even more in many cases, occur as -Leakage from faulty pipes and overflows

from roof tanks and service reservoirs. -lhis is particularly true with

older systens subject to high working Pressures. Some saving here is also

possible but limited.

It may be possible to reduce domestic and industrial demands. by adopting

a sliding scale of tariffs such that a uinimtru basic supply is providecl

cheaply to all consumers but that very high charges are levied for higher

consr.mptions. Experience in Jordan and elsewhere suggests that this is

o'f linited value in coniaining the expansion of demand.

In industry there is probably a need to encourage those processes which

require only modest a$ounEs of water in preference to those that are

dependent on auple supplies. Lastly in the agricultural field it nay well

be necessary to pay greater attention to the developoent and greater production

of crops less dependent on irrigation.
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COMPETING DEMANDS

clearly the ecooomic value to be plaged oB the various suPPlies is a uajor

consideratioa in the allocatioa of water io circuustances pf restricted

resources and competing demaads. Eosever ic is not the oaly coasideration

that needs to be takeo inEo account. Iu particular there is a ueed to

asEesa the degree to which various proposals accord rith the social and

political strategies detetmined by the cenEral governmenE or other authorit

Frequently it is not Possible to quantify these benefits which may include

for exauple the maintenance of adeguate social- staadards, iuprovements in

health and Ehe general quality of life aad the provision of security in

the supplies of food and sater especially to the Poorer sections of the

population.

Since agriculture is the najor rrater consumef iJ tUe country a further

consideration is the sound planning'of agricultural projects within the

overall water use strateg'y so that the planoed volume of water Urill continue

to be avaiLable in the faee of competing deoands ensuring not only sound

economic returas oa investmeat but security of the social aBrueture developed

for its operatioll.

In spite of the difficulties inherent ia assessiag Ehe beoefits of a good

rfater supply horever, some policy guide urst be established in order to

atteEpt to make the best use to the couatry of the available rater and to

foresee well in advaoce thoee areas where a cut-back in water use rnight

be desirable. It is necessary that in such a eituation there should be a

polieydecisiooatan"l.trBtagetoPreveBttheimpleuentationof
developoent schemes shich night later have to be abandoned'

Ihe vatue added to the nation for each unit of waEer uaed iu irrigation

varies ittr the region and understaadably is lese in deeert areas than in

rhe Jordan valley or the highlande. Bor Ehe Jordan valley Ehe net

incremental benefit from irrigation, taking accouut of the cost of bringing

narer to the farms, is estinated at about 70 file/n3 ia L987 rising to

about 180 fils/r3 by the end of the century. A sinilar range is estimated

for the highlands. These values are unusually high and reflect the ready

narket for the products with no surplue and also the high efficiencies

ained at bY the AuthoritY.
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f,he value to industrial and cornmercial users is considerably higher'

The net value added, for those projecls looked at during the National I{ater

l,{aster Plan study ranges generally fron 10OO to trore than 3OOO fils/n3'

It is very difficult to assess the true benefit of water to the domesEic

consumer but some indication of thiS vatue is the anouot he is prepared Eo

pay foq his supply.

Current Eater eharges in the northern onrnicipalities are around 110 fils/u3
a

and those in the villages L25 f.i]1slr' b.rt these rates have not been increased

for several years and in relatioa to current consumer purchasiag power

uodoubtedly understate the real price the coBsumer rould be prepared Eo pay'

In Lhe case of Aman there is a recengly revised sliding charge ranging

from 6O lo 225 fits/u3. 1,he estimates of domestic water demands have been

established in the light of the available iaformatioll on the constmerr s

ability to pay for water and on the assumPtion of aa initial average charge

of between 150 and 2OO fils/m3 with some further increase in real terms over

Eime. The fact that some consumers in Aman are willing to pay narginal

rates of charge of up to 225 fits/n3 suggests Ehat the real economic benefit

to be derived from this coasuraption is in excess of 2OO fils/m''

If iE is argued that the domestic consumer is more able thaa the agrieultural

sector to meet higher charges it is worth looking at the margiaal resources

not already considered. The most obvious of these is desalination of sea

waEer at Aqaba and its conveyance to North Jordan. The cost of such water

at Aqaba, with conventional treatpent uould be in excess of 4oo tils/m3

and Eransport to A'rm,an wou1d raise this to about 7OO fils/n3.

Some economies might be achieveci in the future by new Processes, the most

promising of Ehese being the reverse osmosis process currently being

developed and this should undoubtedly be included in future comparisons

when its comrercial use has been properly established. Even so there

would appear to be no economie justification at present for exploiting

such a resource.
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A second option would be treatment of the highly salioe raters of the

Jordan river, so utilising water recovered fron irrigation and deep seePage

from Ehe highlands. There are however uo available records o.f river
discharges and the current political situation makes this an unlikely

solution to be considered at least for the preseut.

?lrere is a certain mining potential which has not been included in the

sater resources and ia econsrnic terns the use of such resources nay rrell

La justified. Once these are depleted however the problem of allocation

of reserves will arise even more urgently and for Ehe purpose of long tero

strategy and of alerting the Authorities to the growing problen the use of

fossil reserves has been discounted.

Generalities mrrst be viewed with caution but from the available evidence

the economic value to industrial users and to a lesser exient to domestic

consumers is greater than to agriculture and if considered in this, Light

only, suggests that, if there is to be a uater constraint, preference

should be given to industrial and municipal supplies-

There are undoubcedly social and political arguments for constraint in

supplies also to the non-agricultural sector but as noted above the scope

for reduction in deuand is srnall. IndusErial- and cot'-ercial demands by

,a,3 I ^ by the end of the

eentury. This coupares wieh estimated agricultural requirements which

wiLl rise to 537 lt 3/r by 1987 and remain substantially constant until
the year 2OOO. It is evldent therefore that very substantial reductions

in industrial supplies would make but a smalL difference in the amount of

water available to agricutture.

In the domestic scene conditions are not dissimilar. Demands in 1987 are

estimated at 96 t'to3/" rising to 192 m3/, by the end of the century and

of these an appreciable proportion will in any case be re-used. There is

therefore little scope for reductions on a scale that could be of real value

to agriculture.
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A},IMAN.ZERQA: PRESENT SITUATION

As will be seeo frorir Tabl e 2 by far the greatest demand is and nill coatiaue

to be from the A,nman-Zerqa conurbation. The present deoand is 7LZ of that

for the whole of North Jordan but by 2OO2 this ri1l have risen to 8OZ'

Although the importaEce of suppLies to other tolrl}s caonot be aeglected'

the sater supply for Arman oust be a oajor consideration in the strategic

plan.

The present suPPly is drawn from the Aluaa-Zerqa aquifer systems and is

exploited by wells along the bed of the wadi beCneeo Altrran aad Zerqa'

The aatural. replenishable resource of this lrellfield is gstimated at
1-

ZO m3/a as compared to a curreat abstraction of 30 tb"/a and even though

there are indications that some recycling is in fact occurring the aquifer

is being overpumped with consequetrt depletion of reserves'

There is a proposal to traasfer lrater from the newly constructed King Talal

reservoir and an abstraction of tz tfr3 /a is planued as a first stage'

The present unrestricted domestic deoand of Che Alman-Zerga area is 57 lto3/"

rising to 107 m3/, in ten years time. If this demand is Eo be satisfied

then the next stage of sburce development should be capable of bringing

the total supply up to nor Less than 1OO }h'/a if further urajor capital

trcrks are not to be necessary in less than ten years' Furthermore if
abstraction from the Arnman-zerqa reLls is not Eo exceed the naturaL resource

this infers the need for an incremental supply of 8o ur3/r. If advantage

can be kken of re-use, the import of natural resources need however be

onlY a proportion of this amunt.t
II
I
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AI4MAN-ZERQA: FUIURE SUPPLY

Ihere are a number of options available for providing additiocal sater
supplies to the Annnan-Zerqa area and these are sunmarised in Table 7 in
ord.er of the unit costs of water delivered Eo Aman (these costs exclude

dis cributioa)

TABLE 7 - Aman-Zerqa: Supply Options and Unir Costs Waterof

Souree
Gross
Yield

(m3/a)

Losses

(ltm3/a)

Net
Yield

tm3lrl

Unit Cost
of l{ater

(ti1s/n3)

Aman-Zerqa wells
Dhuleil

QastaI

King Ta1a1 Dam

Rumeil Dam

Azraq

Maqarin

Zarqa Marin

20

20

5

60

1B

10

50

2A

ot,l
. (2)
o

, ro,.l

20(1)

20

5

s6 
(1)

L2

10

s0(3)

16

25

72

89

L20

L28

138

168

2s8 ./

Notes: -
1. The abstraction from the A,nman-Zerqa wells and King Ta1a1 Dan will

depend on the proportion of waste water recovered.
2.

3.

4.

Evaporation from the reservoirs.
The potential of Maqarin Darn is greatly in excess of 5O lt 3/a but

this figure is adopted for the purpose of deriving unit cosis.
Treatment losses.
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It is quite clear that by far the mo$E economical source of supply comes

from the Aman-Zerqa wel1s and thaE'abstraction from these ought to continue

and be m"ximieed to utilise as far as possible returned waste water.

The Dhuleil groundwaler area is also a highly courpeticive source and if
used in preference ro King Talal or Maqario Dams would pennit water to be

diverted to the Jordaa Valley where the potential agricultural. benefits
are higher than those in the Dhuleil area. However this area was originally
a re-settlement schome auguented later by private developueat and is being

extensively eultivated. The water resources are fu1ly utilised uainly for
agricultural purposes and indeed current abstraction is about 3o ltn3/a

and groundwater reserves are being depLeted. Transfer of this water to

Arn'nan would therefore necessitate not only a cut-back in irrigated agriculture
but would bring about considerable re-settlement costs, and social disruption
which cannot readily be quantified.

Qastal groundwater is also economically attractive and there are aE present

no compeEing water requirements which cannot be supplied from an alternative
source. Ilowever the modest yield of 5 ltn3/a makes it of linited value since

with demand increasing at a mean rate of to ltn3/a each year the incremenEal

supply would be overtaken by denand six months after corrrmissioning. Moreover

the area is geologically confused and extensive investigations would be

necessary before the resources could be properly developed.

King Talal reservoir offers the most promising inmediate solution. The

natural replenishable yi.eld is 6O f{o3/, and it offers the iuporcant
poEential of water re-use within the Auman-Zerqa-King TaLal Dam cycle.
If the recovery of wat.er rrere Eo auount to as much as 5O7" of the user the

naLural resources neceasary to satisfy requirements for the next ten years
a,

would be 5O lh'/a of which 20 Uu'/a would come from the Arman-Zetqa aquifers
and the balance of 3O m3/. from the narural yield of the King Talal catchment.

If these tri'o sources are to be developed progressivety Eo saEisfy the

requirements of the Arn'nan-Zerqa conurbation and on the basis again of a

5OZ return to Ehe cycIe, the rater resources of this area would be sufficient
to satisfy demands up Lo the year L992 by rhich time there would be no

irrigation releases from King Ta1al Dam.



Ll

Next in ranking is the Rumeil Dam. This opEion would comprise a reservoir

in the upper reaches of the Wadi Wala'which wouLd impound the erratic flood

flows in the radi. Storage would be' relatively high possibly as uuch as

80 Mr3 in order to provide the considerable carry-over necessary beEween

floods. Alrhough the hydrology is sufficiently known for preliminary

yield estimates, because of the erratic nature of the run-off it would be

necessary to allow storage of the first four to five yearts run-off

following eorr-issi-oning of the project, which infers that eighE to nine

years must elapse from the decision to proceed with this scheme before

the supply can be relied upon.

The Azraq Oasis is an area of discharge of groundwater vhieh draios

principally from the north. Groundwater is within 5 n of the surface over

a large area and flows from two groups of springs and associated swaops.

A body of very high salinity water lies near the surface under the playa

and is exploited for salt extracEion. I{ater from the better quality springs

is pumped to Irbid for supplies to the city and its environment. The

hydrogeological regime at Azraq is exiremely complex both geologically and

chemically as evidenced by the poor understanding of the area in spite of

many studies in the past. The hydrogeological condition seems to be one of

great delicacy and puuping from springs or boreholes could produce a variety

of deleterious effects some of which could be irreversible. A comprehensive

and expensive investigation would be necessary to reach a ProPer understanding

of the regime before attempEing to make fu1l use of the resource available.

A further aspeet of ecological importance is the major internaEional

significance of the oasis as e resting place on the bird nigration route

between paleartic regions and'Africa and Azraq was selected as a designated

conservaEion area when Jordan became a signatory nation of the ConvenEion

of Wetlands of International Importance in 1977. Major abstraction would

dry up or considerably reduce springs and swamps'and would Ehus radically
alter surface conditions.

By far Ehe greatest \dater resource in the whole country is the Yarmouk River

aE present being used extensively for irrigation and with an ambitious

prograume for further developnent. Water could be puuped directly from a

river intake or from the Maqarin Dam scheduled soon for construction. The

water oualitv is excellent.
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Flow in the Zerqa Ma'in derives from springs euitting at a leve1 of 125 n
below sea leveI and fLowing directly. into the Dead Sea. The spring rater
is hot and very saline wirh rDS values of 18oo ro 2ooo aglL. rr is at
Present a tourist attraction and eould remain so with its proper development
as a !{ater supply source, The use of the spring arater for drinking rould
involve desalting. Because of the relatively snall flood flow component

only the base flow of 20 
^3/^ 

would be exploired and of this abour O 
^3/^would be lost in the desalting process leaving a net yield of 15 la3/".

IRBID AND NORTHERN DISB.ICT: PRESEM WAIER StppLIES

The second uost importaoE torrn in North Jordan is Irbid which lies close
to the Syrian border. The town is surrouoded by a prosperous farming area
and is an important administrative and cormercial eeotre, m.rch of the
activity of the toun being concerned with the marketing of produce and the
provision of supplies to the adjacent areas.

The estimated domestic and industrial demands frou the whole northern district
is at present t6 ltm3/a rising to 24 m3/. in ten years time and to 4o h3/.
by the end of the century. Of this Irbid accounts for about 5OZ, Ramtha

and Mafraq a further 2OZ sith the balance distributed anong the smaller
Eownships and villages.

Present supplies eome from wells at Ramtha, Sama Sdoud and Dhuleil and from
the poots at Azraq. The water abstracted from these aread is then pumped

to a collector station at Zaatri where a pumping station delivers the sater
to a service reservoir at Haufa. For some considerable tirne supplies to
Irbid have been totally inadequate and although the recently installed
additional eapacity from zaatrl to Haufa has herped.to a smaLl degree,
the source limitations have not been overcome and the total supplies for
the whole of the northern district have been only about half of the
unrestricted demands. There are longer terms proposals to abstract from
the Yarmouk River at lhqarin Dam.
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IRBID AND NORTHERN DISTRICT: FUTURE SIIPPLIES

The options oPen for source supplies for Irbid and the northern district
are few in number and comprise all the existing sources presently used,
together with the Yarmouk. These are surnnrarised in Table 8. Because of
the nature of che developmenE unit costs have been ealculated for Ehe

delivery of watgr from Dhuleil, s,na sdoud and Azraq to zaatri punping
station and froo ZaatrL to tlaufa. The unit costs of rater from the yarmouk

cover the transmission from the dam Eo a serviee reservoir in the tolrn.

TABLE 8 - Irbid and Norrhern Disrrier: Supply Options and Unit Costs of l,Iater

Source Delivery Point Yield
(lfo3/a)

Unit Cosr
(fi1s/mr)

Dhuleil
Sarna Sdoud

A,ztaq

(Zaatti
Yarmouk

Zaatri
t!

tt

Haufa

Irbid

20

8

10

35 
(1)

38 
(2)

28

55

145

s4)

r18

Notes: -
(1) Zaatri is not a genuine 'source'.
(2) Ihe yield of the Yarmouk is considerably in excess of the requiremenrs

for the whole northern district.

The most economical source is Dhuleil but as noted in the discussions for
supplies to Arnman there are serious social problems in depriving this area
of substantial voluues of nater. Since there will of necessity be a
reduction in the present abstraction of over 3O m3/" to the safe yield
of 20 h3/" at some time in the future it would appear that this whole
amount shouLd be allocated to the existing agriculturat development and
no allowance has been made for incorporating it into the long term plans
for Irbidfs supply.
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The yield from Sama Sdoud is smal1 but'useful and ia view of the 1ow costs

of water from this source its use shoirld be continued but total abstraction
a

limiced to 8 lto'/a.

The probleos and disadvantages of developing the Lzraq Oasis for a ltater

supply have already been discussed. Siace the unit costs of delivering
Azraq sater only as far as ZaattL exceed that of rtater from the Yatmouk

and since A,zraq water caa be exploited locally for agriculture preference

has been givea to use of the urore econo-ic source.

The total resources of the Yaruouk at Maqarin are considerably in excess

of the reguirements of the whole northern district and the hydrology of

the system has been uel1 studied aud sufficienE data are available for
detailed planning purposes.

STMTEGY FOR WATER SIIPPLY

I{e are now in a position to outline a strategy for the sater supply of North

Jordan up to the end of the century. Siuce water will have to be transported

over considerable distances there are a nuuber of sources in common so that

supplying one area will have its effects on another and almost any abstraction

llill affect to a greaEer of lesser degree present or planned ag'riculturaL

schemes.

Looking firstly at the supplies to Amman it is evident from Table 7 that the

Arnran-Zerqa wells should continue to be used. They provide a cheap and

convenient meaos of exploitiag the natural yieLd of 20 m3/" and can be

readily be located so as to intercept as far as possible the return waste

wafer from Aman.

For reasons already discussed it is suggested that neither Dhuleil- nor

Qascal should be incorporated in the suppLy systen.

King Ta1al Dan however provides an atEractive next stage with a net yield
of 56 tu3 / ^.
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A proportion of the water used in Anmaa will ultiuaEely return to the

eycle and if Ehis return is as high as say 5O7. a supply of L32t'L31;- could

be provided from the combined resources of Ehe A'rman-Zerqa wells and King

Tala1 dam. The effect of this on the demand pattern is illustrated
schematically in Figure 3. The ful1 erploitation of the water frou the

Arumau-Zerqa aquifer by re-use lriIl reduee the inflow iuto King Talal
resenroir by 10 h3/" thus reducing Ehe net yieLd at the d,rn to 4O ttn3la.

Runeil Dam could be incorporated into the system but because of the

hydrological characteristics reservoir losses would be high and a net yield
2

of. 12 Mm'/ a is as much as could be relied upon. It is doubtful whether in
fact the incorporation of this dam is justified.-

Maqarin Dan would then be brought in to make up the deficit until the end

of the century.

Abstraction from Zetqa Mafin has also been considered but as already noted

the salinity is too high for its use-untreated. With the re-use of waste

water in the Arnman-Zerqa-King Tala1 Dam cycle the salinity would increase

progressively although preliminary calculations show that demineralisation
would not be necessary with the foregoing strategy provided the inports have

a TDS not greatly in excess of 450 u,g/L. Imports from Zerqa Marin rould
therefore require treatment and use of this source is consequently eonsider-.

ably more expensive than Maqarin.

Figure 3 must be read with caution; the actual re-use is not known nor is
the delay beEween discharge of the waste lrater and its arrival in the system,

particularly the grotrndwater component. However with the adoption of King

Talal Dam as the next stage sufficient fresh water is available for at Least

another six years and during this period fullest use must be nade of the

time to monitor Ehe behaviour of the water moveuents aod to deterurine the

characteristics of the regime so that any necessary modifications to the

strategy can be nade in good Eime.

It should be noted that Ehese variations would merely alter the tining of
the commissioning of the various stages but not the order in which they

are brought inro use.
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rn the northern disErict urgent additional supplies are necessary if the

presenE demand is to be satisfied. The safe yield from Dhuleil is estimated

at zom3/" bur ar presenr 30 #;, i" 0"r", "'".rr...d 
of whictr o la3/a

isbeingtransPortedEolrbid.TheniningofthisSourcewillsooneror
later have to be stopped so that insufficienE \rater wiLl be available

even for present loeal requirements. The social problems associated with

the ehange of use of this source have already been discussed and Dhuleil

has been discounted as a water supply to lrbid'

Sama.sdoud should continue to supply the northern distribution system and

it.s reEention is assumed. We have already discussed the problems associated

with the developmenE of Azraq and siace it provides a ltrore expensive

resouree Ehan Maqarin it is assumed that all future supplies will be

abstracted from Ehe Yarmouk River'

IMPLICATIONS ON AGRICI]LTURE

rE is evidenr from the foregoing suggested strategy that Anman and Ehe

Norrhern Disrrict (comprisirtg 852 of the Lotal municipal requirements of

Norrh Jordan) \,'ill be heavily dependent on abstractions from the King Tala1

and Maqarin Dams both of whieh contribute to the ambitious irrigarion

prograltrmeoftheJordanValleyAuthorityanditisthereforenecessaryro
look at the technical and economic consequences of such a strategy'

King Talal Dam was builu expressly for the purPose of irrigaEing Ehe zerqa

Triangle lying between the dam and the East Ghor with the surplus waLers

destined for an extension of the irrigation southwards' With increasing

transference of water from the reservoir Eo Arunan the surplus water

available for irrigation would be correspondingly decreased. rn the early

stages this would merely result in there being no surplus for the extended

irrigaCion but as the rate of abstraction increased the Zerqa Triangle

would ultimately be deprived. This shortfall could be 
lade 

uP by pumping

from the EasL Ghor Eo Ehe head of the Triangle'
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This in turn would mean that areas 61igina11y plaaned to be irrigateC from

the River Zerqa would rhen be supplied from the Yarmouk so that additional

storage on the Yarmouk River sould be necessaty to couPensaEe for the loss

of water from King Talal reservoir. Sinilarly as lraEer is abstracted from

the yarmouk to supply Irbid and the northern district further provision

would need to be made at Maqarin to store this water for domestic use-

Since agriculEure aad domesEic consumers would be competing for the same

source and since there will be insufficient resources to satisfy both,

an additional facEor to consider is the loss to agrieulture should it be

deprived of its irrigation rrater. The unit costs su"*arised in Tables 7

and 8 already make an allowance for the additional storage reguired but

in order to assess the real value of sater to Aman for exampl-e these

unit rates should be increased not only by the cost of lifting water inEo

the Zerqa Triangle but also by the net loss to agriculture in the valley

by reducing the available irrigation water.

The true cost of water to A'r'man would thus exceed 3OO fitsTr3 and it is

important that tariff structures should be designed to reflect this in

order to achieve a proper, realistic, economic balance between agriculture

on one hand and domestic and industrial requirements on the other hand.

Such a cost should also be used as

sources.

CENTRAL AUTHORITY

a basis of comparison with other marginal

It is not Ehe purpose of'this paper to discuss the organisation necessary

to adminisEer and control sater abstraction and use but it would be

incomplete without some reference to this iuportant aspect. While there

are surplus reserves the problems of alEernaEive uses of water are not serious"

Ilowever when there are Strong competing interests it is important to have

a central authority with access to all the pllitical, social and economic

aspects which can, without prejudice, allocate resources in the best

interest of the nation as a who1e. Such an authority wouLd also ensure

continuing investigations not on a project basis but in order to assemble

data hrhich would complete the general knowledge of all resourees within the
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country. It yould also be responsib.le for the control of catchments both

surface and sub-surface and in particular of those shere waste water re-use

is proposed. Parricular care is necessary to control the discharge of

industrial waste which could seriously pollute the uater suppl-ies. file

auEhority would also control abstraction from whatever source, avoid over

purnping of groundwater and the intrusion of saline fronts and also ensure

that mining is carried out as a properLy fo:mulated policy and not as a

short term convenience.

The difficulEies to be faced by such an authority are fu11y realised but

the time is norc fast approaching sten such an orgauisation is necessary in

the interests of Jordan.


